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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.2. -2.8., 3.1-3.12., 4.1.- 4.6.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? There are no individual steps that are more difficult
E.  Will the filming need to take place in multiple locations? Y, 2 rooms, same building 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to quantify cardiomyocyte turnover using long term nucleoside labelling and flow cytometry to quantify the neo-cardiomyocyte nuclei while accounting for polyploidization of the nuclei. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Gavin Richardson: This method can both help answer key questions in the field of cardiomyocyte regeneration and be used as a screening tool to assess changes in the dynamics of cardiomyocyte generation. 

1.2. Gavin Richardson: The main advantage of this technique is that it allows the accurate quantification of neo-cardiomyocyte generation, irrespective of the source of the cells, while controlling for polyploidization.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Newcastle University.
Protocol (read by voice talent at JoVE):

2. Heart harvest
2.1. Twenty-fours hours after the 6th EdU (Pronounce: E-D-U) injection, place the treated animal in the supine position [2.1.1.-WIDE-TXT] and use surgical scissors to make a skin incision from the mid-abdomen to the diaphragm [2.1.2.-CU-TXT].
2.1.1. Talent placing animal in supine position (Videographer: More Talent than mouse in shot) (TEXT: EdU: Following 5-ethynyl-2’-deoxyuridine pulse and Euthanasia : Cervical dislocation)
2.1.2. Few seconds incision being made (TEXT: Euthanasia: Cervical dislocation)
2.2. Next, holding the sternum away from the body cavity [2.2.1.-CU], bilaterally cut the diaphragm to expose the heart [2.2.2.-CU].

2.2.1. Sternum being grasped/pulled away (Videographer: Combine 2.2.1. and 2.2.2. as appropriate)

2.2.2. Few seconds diaphragm being cut (Videographer: Combine 2.2.1. and 2.2.2. as appropriate)

2.3. Then lift the heart slightly [2.3.1.-CU] and cut the major blood vessels of the outflow tract to dissect the heart from the thoracic cavity [2.3.2.-CU-TXT].
2.3.1. Heart being lifted (Videographer: Combine 2.3.1. and 2.3.2. as appropriate)
2.3.2. (2.3.1 and 2.3.2 combined) Few seconds vessels being cut (Videographer: Combine 2.3.1. and 2.3.2. as appropriate) (TEXT: Repeat for each animal)
2.4. Immediately upon harvest, place the hearts into individual 15 ml centrifuge tubes containing 10 ml of PBS chilled to 4°C [2.4.1.-CU].
2.4.1. Heart being placed into tube on ice 

2.5. Then transfer the samples to individual 10 cm Petri dishes [2.5.1.-MED] and use a scalpel to cut each heart into two pieces in a sagittal orientation [2.5.2.-CU].
2.5.1. Talent adding one heart to one petri dish, with other tubes of hearts visible in frame if possible
2.5.2. Few seconds one heart being cut
2.6. Next, gently squeeze the heart pieces with a pair of forceps [2.6.1.-CU]. Remove both pieces of heart and place into a petri dish containing 20 ml of fresh PBS. Repeat once again, with a new petri dish and 20 ml of fresh PBS [2.6.2.-CU].
2.6.1. Few seconds one heart piece being squeezed
2.6.2. (2.6.1 and 2.6.2 combined) Few seconds PBS being added to dish
2.7. Place both parts of the hearts into the same 1.5 ml microcentrifuge tube [2.7.1.-CU-TXT] and use a 25 gauge needle to make a small hole in the lid of each tube to prevent the lid from opening when the heart is processed [2.7.2.-CU]. 
2.7.1. At least one piece being placed into tube (TEXT: Specimens can be stored @ -80°C)

2.7.2. Few seconds hole being made into lid of one tube (TEXT: Hole releases gas during heart processing Freezing)

2.8. Then label each tube [2.8.1.-MED] and freeze the cardiac tissues in a container of liquid nitrogen [2.8.2.-MED].
2.8.1. Few seconds Talent labelling one tube

2.8.2. (2.8.1 and 2.8.2 combined) Few seconds Talent placing one tube into LN2
3. Nuclei dissociation and cardiomyocyte nuclei labeling
3.1. For each heart to be analyzed, incubate 36 ml of 1% BSA in PBS in an ultracentrifuge tube [3.1.1.-WIDE].  Discard the solution after 30 minutes [3.1.2.-MED].
3.1.1. Talent adding BSA/PBS to at least one tube
3.1.2. Talent discarding solution
3.2. When the tubes have air dried, add 10 ml of sucrose gradient solution to each tube [3.2.1.-CU].
3.2.1. Few seconds gradient being added to tube
3.3. After individually mincing the liquid nitrogen frozen heart samples with a scalpel [3.3.1.-CU], transfer the tissue fragments from each heart into individual 50 ml conical tubes containing 15 ml of cell lysis buffer [3.3.2.-CU].
3.3.1. Few seconds at least one heart being chopped/shot of chopped heart
3.3.2. Few seconds fragment(s) being added to tube
3.4. Homogenize the samples for 15 seconds at 25,000 rpm with a probe homogenizer at room temperature [3.4.1.-CU].
3.4.1. Few seconds samples being homogenized
3.5. Then add 15 more ml of lysis buffer to each tube [3.5.1.-CU] and transfer the samples, one at a time, to a 40 ml dounce with a large clearance pestle [3.5.2.-CU].
3.5.1. Few seconds lysis buffer being added to at least one tube
3.5.2. Few seconds sample being added to dounce
3.6. Perform 10 strokes with the pestle [3.6.1.-CU] and filter the cell slurries through a 100 micron strainer [3.6.2.-CU] followed by a 40 micron cell strainer into individual 50 ml centrifuge tubes [3.6.3.-CU].
3.6.1. Few seconds strokes being made with pestle
3.6.2. Few seconds slurry being filtered through 100 micron strainer
3.6.3. Few seconds slurry being filtered through 40 micron strainer
3.7. Then collect the nuclear cardiac pellets by centrifugation [3.7.1.-MED-TXT] and resuspend the cells in 25 ml of sucrose gradient solution each [3.7.2.-CU].
3.7.1. Few seconds Talent placing tube into centrifuge (TEXT: 10 min, 700 x g, 4°C)
3.7.2. Shot of at least one pellet if visible, then few seconds gradient being added to tube, with gradient container label visible in frame if possible
3.8. Layer the cells on top of the nuclei-free sucrose gradient in the prepared ultracentrifuge tubes [3.8.1.-CU] and centrifuge the layers using a swing out tube rotor [3.8.2.-CU-TXT].
3.8.1. Few seconds cells nuclei being layered 
3.8.2. Talent placing tube(s) into centrifuge (TEXT: 1 h, 13,000 x g, 4°C)
3.9. Following the centrifugation, resuspend the nuclei pellets in 1300 microliters of nuclei storage buffer [3.9.1.-CU] and transfer the nuclei to a 1.5 ml microcentrifuge tube labeled “PCM1” [3.9.2.-CU-TXT].
3.9.1. Shot of pellet(s) if visible, then few seconds one pellet being resuspended in buffer, with buffer container label visible in frame if possible
3.9.2. (3.9.1 and 3.9.2 combined) Few seconds cells nuclei being added to one tube (TEXT: PCM1: pericentriolar material 1)
3.10. Transfer 300 microliters of each suspension from the PCM1 tube into a new microcentrifuge tube [3.10.1.-CU] and add 700 microliters of fresh nuclei storage buffer and label ISO control [3.10.2.-CU].
3.10.1. 300 microliters of cells nuclei being added to tube, with tube of cells visible in frame if possible
3.10.2. 700 microliters of buffer being added to tube, with buffer container label visible in frame if possible
3.11. Next, label the PCM1 nuclei with anti-PCM1 antibody [3.11.1.-MED] and the ISO control nuclei with Rabbit IgG isotype control antibody [3.11.2.-MED-TXT] overnight at 4°C [3.11.3.-MED].
3.11.1. Talent adding antibody to tube, with PCM1 label visible in frame if possible
3.11.2. (3.11.1 and 3.11.2 combined)Talent adding antibody to tube, with ISO control label visible in frame if possible (TEXT: See text for all antibody/reagent concentration/preparation details)
3.11.3. Talent placing sample(s) at 4°C 
3.12. The next day, spin down the samples [3.12.1.-CU-TXT] and resuspend the pellets in 1 ml of fresh nuclei storage buffer for a second centrifugation under the same conditions [3.12.2.-CU].
3.12.1. Tube(s) being placed into centrifuge (TEXT: 10 min, 700 x g, RT, x2)
3.12.2. Shot of pellet(s) if visible, then few seconds buffer being added to one tube, with nuclei storage buffer container label visible in frame if possible 
3.13. After the second spin, resupend the pellets in 1 ml of fresh nuclei storage buffer [3.13.1.-MED] and incubate the nuclei with 1 microliter of a FITC-conjugated F(ab’)2 (Pronounce: fab [like cab]-two) fragment [3.13.2.-MED-TXT] from a goat anti-rabbit IgG antibody for 1 hour at 4°C in the dark [3.13.3.-MED].
3.13.1. Talent adding buffer to cells nuclei, with buffer container visible in frame if possible
3.13.2. (3.13.1 and 3.13.2 combined) Talent adding antibody to at least one tube [TEXT: F(ab’)2 fragment Ab decreases non-specific immune cell labeling]
3.13.3. Few seconds Talent covering sample(s)/putting samples in dark
4. EdU incorporation detection
4.1. To evaluate the degree of EdU incorporation, centrifuge the PCM1- and ISO control-labeled nuclei suspensions [4.1.1.-WIDE] and resuspend the pellets in 1 ml of 1% BSA in PBS two times for two consecutive washes [4.1.2.-CU-TXT].
4.1.1. Talent placing tube(s) into centrifuge
4.1.2. Shot of pellet(s) if visible, then few seconds one pellet being resuspesnded in BSA/PBS, with BSA/PBS container label visible in frame if possible (TEXT: 10 min, 700 x g, RT, 1% BSA/PBS, x2)
4.2. After the second wash, replace the supernatant with 100 microliters of EdU fixative [4.2.1.-CU] and incubate the samples for 15 minutes at room temperature in the dark [4.2.2.-CU].
4.2.1. Few seconds fixative being added to at least one tube
4.2.2. (4.2.1 and 4.2.2 combined) Few seconds sample(s) being covered/being placed in the dark
4.3. At the end of the fixation, wash the nuclei two more times in 1 ml of PBS plus BSA [4.3.1.-MED]. Then incubate the samples with 100 microliters of saponin-based permeabilization solution at room temperature [4.3.2.-CU].
4.3.1. Talent placing sample(s) into centrifuge bucket –Slated as 4.2.1 Take 1
4.3.2. Permeabilization solution being added to at least one tube, with solution container label visible in frame if possible
4.4. After 15 minutes, add 500 microliters of freshly prepared EdU labeling cocktail to each tube for a 30 minute incubation at room temperature [4.4.1.-CU].
4.4.1. EdU labeling cocktail being added to at least one tube, with labeling cocktail container label visible in frame
4.5. At the end of the incubation, spin down the samples three times [4.5.1.-MED], washing the nuclei in 1 ml of PBS plus BSA during the second two centrifugations [4.5.2.-MED].
4.5.1. Talent adding tube(s) to centrifuge
4.5.2. Few seconds Talent adding PBS/BSA to at least one sample
4.6. Finally, label the samples with 400 microliters of DNA staining solution [4.6.1.-CU].
4.6.1. Shot of pellet(s) if visible, then few seconds DNA staining solution being added to at least one tube, with DNA staining solution container label visible in frame if possible 
5. Results: EdU labeled-cardiomyocyte quantification in wt and mdx hearts
5.1. Immunohistological analysis of the pulsed hearts demonstrates the presence of PCM1-expressing cardiomyocytes that have incorporated EdU [5.1.1.-LM].
5.1.1. Figure 3Awithoutlabel.tif: please add/flash/otherwise indicate yellow arrows/cells indicated by yellow arrows
5.2. However, the data obtained using immunohistological methods can be misinterpreted, as other cell types that have incorporated EdU [5.2.1.-LM] can be misidentified as cardiomyocytes [5.2.2.-LM].
5.2.1. Supfigure1.tif: please circle/indicate bottom right cluster of cells in left graph
5.2.2. Supfigure1.tif: please circle/indicate top right cluster of cells in right graph
5.3. In a study of  in mdx (Pronounce: M-D-X) [5.3.1.-LM] and control mice [5.3.2.-LM], The flow cytometry analysis detailed in this protocol enables a rapid quantification of neo-cardiomyocyte nuclear generation, while also excluding the cells that have incorporated EdU due to polyploidization [5.3.3.-LM].
5.3.1. Figure 3Cwithoutlabel.tif: please highlight/indicate bottom dot plot
5.3.2. Figure 3Cwithoutlabel.tif: please highlight/indicate top dot plot
5.3.3. Figure 3Bwithoutlabel.tif: please highlight/indicate tall right 2N peak
5.4. Similar to previously published data, in this representative experiment, an increase in the rates of neo-cardiomyocyte nuclei generation in the mdx mouse hearts [5.4.1.-LM] compared to age matched controls was observed [5.4.2.-LM].
5.4.1. Figure 3Cwithoutlabel.tif: please highlight/indicate small right cluster of cells (in PCM1+EdU gate) in bottom dot plot
5.4.2. Figure 3Cwithoutlabel.tif: please highlight/indicate right handful of cells (in PCM1+EdU gate) in top dot plot
6. Conclusion (said by authors on camera)
6.1. Gavin Richardson: Once mastered, this technique can be completed in 4 hours over two days.
6.2 (all Slated as new numbers) Gavin Richardson: While attempting this procedure, it’s important to remember to include both EdU and PCM-1 negative controls so the gates can be set correctly during the analysis.
6.3. Gavin Richardson: This technique is also compatible with additional downstream immunohistological techniques, allowing the quantification of nucleoside incorporation in other cardiac cell types.
6.4. Gavin Richardson: This technique has been used in the field of cardiovascular research to explore cardiomyocyte regeneration in the mdx model of non-ischemic cardiomyopathy.
6.5. Gavin Richardson: After watching this video, you should have a good understanding of how to rapidly quantify neo-cardiomyocyte nuclei while accounting for polyploidization to screen for changes in the cardiomyocyte turnover and regeneration.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Supfigure1.tif
Figure 3Awithoutlabel.tiff – Edu incorporation in cardiomyocytes. Step 5.1.1.

Figure 3Cwithoutlabels.tiff- Quantification of EdU labelled cardiomyocytes in wildtype and mdx hearts. Step 5.3.1

Figure 3Bwithoutlabels.tiff - Quantification of EdU labelled 2N cardiomyocytes. Step 5.3.2

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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